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(54) PIEZOELECTRIC ELEMENT STRUCTURE, LIQUID EJECTION HEAD AND THEIR 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly reliable 
stabilized liquid ejection head having a piezoelectric 
element structure exhibiting excellent durability and 
piezoelectric characteristics and long ejection openings 
formed at a high density, and to provide its 
manufacturing method in which micromachining of 
semiconductor process can be employed by making thin 
a piezoelectric film or a diaphragm constituting a 
piezoelectric element. 

SOLUTION: The piezoelectric element structure 10 
comprises a diaphragm 11, and a piezoelectric film 15 
having upper and lower electrodes 16 and 17. The 
diaphragm 1 1 is formed of single crystal silicon or a 
single crystal silicon material doped with an element, e.g. 
boron, and has a structure sandwiched by an oxide layer 
13 of Si02, YSZ, MgO, or the like, and an oxide layer 14 
of at least one material selected from Si02, YSZ, MgO, 
SRO, and the like. The piezoelectric film 1 5 is a single 
orientation crystal or single crystal having one layer 
structure of PZT, PMN, PSN-PT, PMN-PT, or the like, 
composition. 
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or multilayer structure of different 
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i ] lMC£E«H£*r «E*X?flt&* 
#(DJ«#7u3t <b Sfc &7ci?t;&< K— ftfctt*** <b & 

v^ttl=ttC;ll1bMa>BJVC«4i-r4tdi . d 2 fc-r 
^4i74i(Onff^ di + d 2 ^Di <DMQk& 

*10>KJ5j6<. d t + d 2 +Di ^5xD 2 <DMm3Z£j$ 

&.+ * j: 5 i=tweaF*LTi** c *t r «nr*qi 2 

[R*I|4] JE^MI*. PZT, PMN, PNN, P 
SN, PMN- PT, PNN- PT, P S N- PT, P 

zn- PTomtiLo^TrtifrX'&v. -mmm&zwt 

^ S i O2 , YSZ, A I 2 O3 , L a A I O3 , I 
r 2 O3 , MgO, SRO, S TOO 5 £ 4,— 

(DSI^&^feoT. v'J^VJl-tlcKlbJfeiJf £:frLT 
E*mKttta>ajt»flu 

**ifcE*a**r**(**«»fc, mean**** 
■ME£E«a**u irriBSffijffiii, 

»*&tt*a£I*a*-*> K-f **ttfc«t?Bfl:ft«£ 

vTmz&t;mtto®o>mm£*ti?tici } m d 2 t-r 

t4i-F*i0>JMV£<« d] + d 2 ^D^H&zt^ 



Ommtfi* d! + d 2 +Dt ^5xD 2 <0§8«5t*J«tfc 

0] EBffifi, PZT, PMN, PNN, 
PSN, PMN- PT, PNN- PT, P S N- PT, 

pzn- PT(D«aa)i^r*L35^-e*y. -a«tjft*-&L\ 
i**tt«ajftaaaa&Tfe«c£&aaj:-r«R*a 

[»#Ei i] fiBfitfffiiBioraiz^-r^K^bfti 

Jf S i 0 2 , YSZ, A I 2 O3 , L a A I O3 , 
I r 2 O3 , MgO, SRO, ST0O5VM< 1 1 

l 1 o o>i*r*i* 1 siciB«a>a{*«**^ ^ Ko 

«**ifcEE*s**-r«*»at««t. miens dsjs*v 

»***(*qM*^? KoassaTfA^t, *>y3>a 
±\zwtitmm tit l -crnea v^^^y'ja^ 
s«jifcm2a)K^bfeii*^^-r^xa. $2 0H{bi 

t^xg, Eaataaicfta-rtxa. E«a±i=± 
»tas»«t*ia, fc<fetfmEff*s*»dE-r*x 
a*#fcct«i»«±r*»*«*^\* Kaaa**. 

[0001] 
[0002] 

yai^am-c^oreax bT'&&m<Dm&frt>iK<n 

SLtl^c CO>*{*aitE*KBr::l±. »x*;u*- 

£*ftE*ar=jcyxa*tttt£t>-st»a>« aaaiz* 

[0003] -aic. Ettx^&mtfcftitfltttsa 
aaufcatttaiPirSfflic. *<DE*ai=a«***» 

ftflt/SlcfcHT* E«**lcHfffia>«E*B3aUTE« 

*Lt*fc^ ^CDm^tttlOfS]±. ^lcS««Sibfc 
btit^So *0>fcar>atMI»^t/ K£flMffl*bLfc^U 
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[0 0 0 4] 

fc«fc5fta«*^lcfclt*E«Bltt. PbO, 2r0 2 
StifcEWBtl** ^OffaF^aKft-BlcLfc^-DT. 

»*c^36«-e*fti^^aiBi>ja^*-3fc. zotzth. 

[0 0 0 5] S^IC* C*l^G0f#3fc->- M4. 1000 

±izmmizmf&Lxsm<DMi^^ ^ ^^x*»*fc» 
xicHLri*tea>r36^B#3b«*y. *»<z>»Rta3 

[oooe] X/^;/*»£m*fc¥IM*:/n-fex 

&W\ $$8B¥l 1 -3 48 28 

ErairtKLT. ^0±(Z2 r Jf £^a:fcl^^□3?X;&-f 
hOJf <hP2TOJl(&;BJff*<t^£z<t£^ Lt^ 
«. 

[0 0 0 7] L*U «rE^«(=»***LTl^*^SCf= 
I*. ttTI=»-rj:3«A*ttBfld««ff«E-r«. 

[ o o o s ] ( i ) «TE»«rcE«a>»it*acT?tt. w 

StttJ: < S£ LfcW-EAttAfe«lMiWIM PZT^ 

(2) i»E^«icEtta>*a-cr4. *BS<DMgo3?cD 

?\ #ttlz»B£:/n-fex£ftoTL*5. La^t. M 
gO<B#esS«f4*£*lc«#*<fcy % *®85<&&*S 

(3) IMB4MBI=E«0>»ttl** tt*HH«(=J:«S;t]£ 

a>««T?i*, ttysLaft*«icttr«ttMtt*<&*tt 



(4) «rE^Bi=E«a>*s»iz*5it*«»ttf* % m»m 

L*>*,. BJt^p-bx^lMt-e, fiB4c«*B 
Kic(*fty»ai\ 0 

[0 0 0 9] M^Lfc^*ftfl5CD^ 

B?*ff£r*EBB^B4E**BBft'r«c&-c¥ 
*" * 1 1 $ l=BAtt*>E«Wtt jz t B#ifcEB«^lta 

[0 0 10] 

a. *affa>BE*imit£tti*. 

*5t*?iiHtt*ot, WEffiSfttRIi* wtsAtm 

s> #%>m t mm *u> k-t ? *«i=*trBfc 
[ooi i] **wa>ff««?-*a»icjst^rf*. Sift 
mm#. di +d 2 ^oi o>B«a**itr**5icK 

D 2 -t*l-£*ltf>KJIW, di +d 2 +D! 

^5 x D 2 <7)il«Ie^i$^l:■ri>J:3lzigS*ttrL^-5C 

[0 0 12] *XH0£B«?«ta&{ti::£i*T« E1JS 
14, PZT, PMN, PNN, PSN, PMN- PT, 
PNN- PT, PSN- PT, P2N- P T <D*§j£(Z>lN 

[0013] *§&w<DKnm*mm;mz&^x. tins 

fcE«B0>Mr=^ft-r*B4b»Btt. S i o 2 , YS 

2, A I 2 O3 , L a A I O3 , I r 2 O3 , MgO, 

sro, stoo^m< t i>-m&±<Dmtmx& 
[0014] *%wo>&nm*mm»o)9i&y2&\t. m 

iftffi t EBB* *E«*T-flligf*a)i!3g*i£-e* o 

m2<z)B4b«ijBJbiz#-Eipj«a*^LM4mes-c 
fc*E«B$»«t*ii, fccfetfEaK±ic±fipaa 

[001 5] *&m<D&i*m&^v k», «tttbP(cji 
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[0016] *9tma>m»m»t^^ wz&^xit. mm 

®<Dmm$:*tl?*lcii % d 2 t-f&££^ *tl?*MD 

m&tf. di +d 2 ^n^^^^-r^<t5(cig 

S^^T^^C*hA<»^L<. S*tz % EEWR<Z>KJ5£ 
D 2 **l-F*MD|RJE*<« dt H-d 2 +Di 

^5xd 2 a)ll^^^^IS:■r^ < fc5lcig^:^tLrl^^c: 

cooi7] *f£wo>m#mm^v rc^t. eii 

fi. PZT, PMN, PNN, PSN, PMN- PT, 
PNN- PT, PSN- PT, PZN- P T (DfcfiricCDl^ 

[ooi8] *§twa>m#im&^v K(cfci*T, ni&ffi 
tE.msk»mzit-&T&mttomit* s i o 2 f ys 

Z, A I 2 O3 , La A I O3 , I r 2 O3 , MgO, 
[00 1 9] *XH0>ttttiR|t'\<? K0>«te*a&tt* X 

-r&*f*&«3J<t. wi5§8paj$.s>^ Ccfc^icffrisff^ 

r*eai/ua>ia)fcsi/'j =i>*«±ic*2<DK-fb 
fc£iMim*BiSir&&jEm^£^/*-r£xa* eesm* 

[0020] 

fcdjciA 41MnKtt»iiyxLTt,«/ji 

tz. *<D±izf&m2frTL^Kmmk<D&mt>tf£it-e 
*\ m&teiz&titzm* <t -r * c <t *<-e ^ * G ^1:, 

[0021] MLfeEtXf MtttjWWt^y K 



to^tt&kT&kkblzm&teVKnfttelz^&H^ 

&Rvfr^s&Ltzmmte*mi*mi*mm^y k*s« 

[0 0 2 2] 

[00 2 3] b i<o (a) \t. ^nmizm^^mm^ 
v KatHM-cfcy* m (b) 1*. ( a ) oa-ajsiz 

*>m&m&^v Fiz&m?$>zktfT'$z>&mm : ?-m&. 
[0024] *mA<Dfoi*mmtdm^ v k 1 1*. bio 

(a) fccfctf (b) lCjK-rj;5l^ «»CDi«ia:aiP (-/ 

(5SS) 3<t. #ff*S3fz^*t-F*t»«;r^«fc 
3IUIilt&;hfcffi«**«Jtf*i 0 <t *> f>«fi£^^r £ 

*tfc«aB 6 a LT#SPtil3 P 2 Ic-ttl-fflttl* £ 
*i£o fcfc* *SUfi«-CI*. iftttttiP 2A<T®ffly(3lg(t 

(*£ffiffl56 0)Jt®fCli«.E^M 3 (C^ft^fcfJE LtzM 
P»6bA<iiSS^ *{**K«6<D±ffifzfcl\T:llJP 

*U ESSS^fcalfln Of*. «ME1 i iEMTi 2 

[oo2 5] *«^a>EEa*^«5gf*i o*«^-r^s 

&ik#ftvj&tfL£ti % - WncDMiltomi 3km2<nm<l 

fr. Ei^«il»1 0S«^-T^ffS^1 2(DEm 
El siLTlt *-Efp]JBS*§t^tt*«Sfi»JB3&<ffl 
t^^x. ^r<D±TOmiz\tA u, Pt^b^-Stai 
6. 1 7A<fl2/££;ft,Tasy. C*l^>C0ffm^1 5<bfg 

16. i7f:cktj ES ^ 12$Mt ^ e 

[0026] ^<D£oiz&nm : i-m&Ki os««t§ 

CtfCcty. mefift^tMi»|gSffiie(Dti5(|«l i a< 
Kfbtti 3, i 4-ett^tLTi^^fctf)^. 

ztz. *<D±\ztfim2*iTi^&mm 
[0027] &tz. rnrn&i i % snfii i £»A,-ee 
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son s t&ttMizmritztLT^&wz-) omttomi 3 
fcctt/ESBi smzto&KztDMittomi aiz^x 
1*. ants 1 1 a>i&i?£ d 1 <t l. m 1 oMbttn 1 3 

d! + d 2 ^Di aH«*6<jSW«-««fc5l::. ^ 

fcffs*T«tit{* (10) k (1 ) 

[00 2 8] finfii 1 (jKBDi ) , gsia>»<b#DB 

1 3 (BBdi ) . $2 08fb«5H 4 (BJSd 2 ) * 
0>«{*M«:Bff£ LTIi* 3<D]gJld 
1 1*5 nm-5//mf*y, ff£ L < f* 1 0 n m~ 3 u 
mT?fc4 D %2a)H^bttfl1 40ifd2 1*5 n m~ 3 
/lm-efty % ^^L<li10nm-1//mr'fc§ o bm 
fil 1 OBVDi 0>JMtttttB*& LTf*. lOOnm 
- 1 0/imt\ L < 1*5 O O nm~S jUrTTC&^ 0 
B1M&1 1 (DMJlDi #1 O VmJ^%m?LZ>t* ?a(*DS 

*£&ytf*L<&l*. 

[0 0 2 9] Hlz % *BnaE«B?ffB1tr::£i%T 

I*. ESJ^I 5 0>Rfl[$D2 <t"f -SS^C:* d] +d 2 

d 1 + d 2 +Di ^5xD 2 tfjftfcTSJIft. £ttgO> 

«1 S<DmmD 2 (DMfttotemmt LXit. 500 nm 
-1 O^/mt, #£L<I*1 X/m-5/im-efc^ 0 

[oo 3 o] HS&&1 i 0>«bK£ lt(*s i -e&y. » 

^L<f*m*SSS i -e&^o *fc % S1«[1 1 £ LT. 
B^<b*CD7c^"C? K — t:ls*f SftTl^T^ BB4E 1 
ULtffifflt^S i (Dft^SB^WBLTEBBl 5 

[0031] bus 1 i ±rc»«-r** i a>B<b«aJi i 

30>«3M,t Ltli, Si02, YSZ M^^'J ^Ag 
«fc»;ba=7) . Mgo»t*y, S&2(Blg<b 

4MM 4(D%Mi: LTI*. Si02, YSZ, A I 2 O 
3, LaAI0 3? I r 2 0 3 , MgO, SRO (Sr 
Ru0 3 ) 8WSTO (SrTi0 3 ) »**&B«*l 
fcd>tt< <fc 1 O0>tttt£ffll\4 o S i 0 2 £W 

0)i£<b«5£ffll>£ig^f*. -ttl&fi (111) fc«lW£ 

(i oo) ftfteili2RiLfc»»i:«:*. co^K-fb^ 
H^s i o 2 ttt^Bfttt^Ha^Jb-frrft**^ s 

i 0 2 4>lc{fta>B^b«9<D«B7c«$«Bd«$i±fc«IA 

I*. 10at%JUTT% »^L<(*5 a t %J^TTfc 

[0032] *mwo>&nm=T-m&i* i o *e 

SRI 5<7>$>M£ LTIi. £IT(D£(7>j6<&«-C:££ 0 09 
*f£. PZT[Pb(2r x Ti|- x )0 3 ], PMN 
[Pb (Mg x Nb^x ) 0 3 ] , PNN [Pb (Nb 



x N i 1— x ) 0 3 ] , PSN [Pb (Sc x Nbi- X ) 
0 3 ] , P2N [Pb (Zn x Nbi- X ) 0 3 ] , PM 
N-PT {d- y ) [Pb (Mg x Nbt-x ) 0 3 ] - y 

[ P b T i 0 3 ] } , PSN-PT ( d-y) [ P b { S 
c x N bi- x } 0 3 ] - y [P b T i 0 3 ] } , PZN 
-PT (d-y) [Pb (Zn x Nb,- x ) 0 3 ]- y 

[P b T i 0 3 ] ) T?*4o xfc<fctf y |*1 & 

0. 2-0. SV. PSNt'tt, xliO. 4~0. 7*< 
#£L<. PMN-PT(DylJO. 2 - 0 . 4. PSN 
-PT<7)yl*0. 35-0. 5. PZN-PT<7)yli 
O. 0 3-0. 3 5*<»*Ll*. 

[0033] *%Bjuzt$i^xit* zLti^oyam&m—m 

able. tttticfiftfc»*£»4c**t-c**. 
X'<9*Jttl=J:yEBB*W«AftBlc*«*£J: L 
BBBBA^& 3 0°c/m i nJ5I±a>AB^ai$fr3 

[0 0 3 4] ESJBil*. #-*a/£(D--Jf«5§-C& 

«<DBjB«3srtat\ *fc. &&m&mw<Dtztoizm 
^j^(*. pzT$#ea«jsj«s^ifiiz r «» 

MStSAy < ft4fctf>lz. PbTi0 3 (?)7>^- 

»*jitBLf=»icfliB-r*ct3&ta*LLs *fc % ±ia 

±B#f::«S0>7cB£ K-tf^LfcHfiEKB-ciott 

ai\, <tas. m-i2jRjeaft-5i>tt*«sti4. xrd 

(X|K!s)8r£B) 0)0-2 0 (T^hZfls— » BSfc 
B0)«5tiHfS]SA<8 O^/oJili&^^OT-fcy. » 
*L<I*8 5%J2Lt. «fcy»*L<(*9 5%IU±<0t,<D 

"C?fc4o 

[0 0 3 5] PMN-PTfc-SlNfiPZN-PT 

ff»5 8 04 9 0 7#W«»|=|BB**lT^*36^ d<7) 
^"^liTSSGji (Top Seeded Solution Growth metho 

d ) ic*yftB*ttfc/^^a)B»«*«winx«Bft 
*i;BB*fc«c«»Blzft*r*Ci:r=J:yB^b'r* 

x&w<D&5izKnmomm&i o umMTizt-zzt 

4o 

[0 0 3 6] ^^B^lZfcl^Ttt. *fi-tlZfll*eSElSl 
<Dfi&<Dm'Dtcm$:f£mT-£&tz#>\z > ±!H(D<fc5?SFp^ 
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[003 7] *«^<7>EB^^«ig(*(7)^(*M^ ^lilI!2lz;fcl*S#^£^-r) o 

JftftJfcOS^fi. ±Sfltt«i 7// [0 0 3 8] 

m^ : Pt//PZT(001)/PT(001)//Pt(l00)//Mg0(l00)//Si(l00)//Si0 2 

^(Dmmf&vo&mmts \ doo) rfcy. fil^£«t;S<b«aJgte. m 
go d oo) £s i o 2 T**^ 0 jar. mmzmfx-tZo 

®\2 : Au//PZT(0Ol)/PT(0Ol)//PT(lO0)//YSZ(m)/Si0 2 //Si Oll)//Si0 2 
m 3 : Au//PZT (1 1 1)/PT(1 11) //PT (111) //YSZ (1 00) /S i 0 2 //S i (1 00) //S i 0 2 
#J4 : Pt//PZT(l1l)/PT(m)//Pt(l1l)//YSZ(l00)/Zr//Si(l00)//Si0 2 
#J5 : Pt//PZT(111)/PT(111)//Pt(l1l)//Mg0(l11)//Si(l00)//Si0 2 
&\e : Au//PZT(001)//SR0(001)//Si (100)//Si0 2 
#J7 : Al//PZT(111)//SR0(111)//Si (I1l)//Si0 2 

«8 : Au//PZT(l11)/PT(l11)//Pt(lH)//YSZ(lOO)/Si0 2 //Si(lOO)//YSZ(lOO) 
«9 : Pt//PZT(001)//SR0(001)//Si (100) //YSZ (100) 

0>]1 0 : Au//PZT(001)/PT(001)//Pt(l00)//Mg0(l00)//Si (100) //YSZ (100) 
« 1 1 : Pt//PZT (001 ) /PT (001 ) //Pt (1 00) //MgO (1 00) //S i (1 00) //YSZ (1 00) 
«1 2 : Pt//PZT(001)/PT(001)//Pt(l00)//Al 2 0 3 (l00)//Si (100)//Si0 2 
#Jl 3 : Ag//PZT(00l)/PT(001)//Pt(l00)//LaAI0 3 (l00)//Si (I00)//Si0 2 
[00 3 9] fc*>\ #J6. 7fcJ:0:9fCfc^Tli. SR MN, PZN, P S N, PNN, PMN-PT, PSN 

Ort<. Mttt*Ltt^fl)-C, ft20>H1bftJ|l 4& -PT, P Z N - P TMltt* 1*fc|Bi)ilTf tft 

WCM*. SilSirLr, PZTfc^tMiPZT/PT<^ [0 0 4 0] flilll 

Lfctf* Z tit, It. mi&Ltz£olz^ p 

Au//PMN(001)//Pt(l00)//Mg0(l00)//Si (I00)//Si0 2 : 

Pt//PMN-PT(001)//Pt(l00)//Mg0(l00)/Si0 2 //Si (100)//Si0 2 ; 

A I //PMN-PT (001 ) /PT (001 ) //Pt (1 00) //YSZ (1 1 1 ) /S i 0 2 //S i (1 1 1 ) //S i 0 2 

[0041] Krl5a>ii«/iEa>a^(cte^r. gam £**ifcE«ii&ss (EtX?«H») 
* L < f* 8 5 %«l± cfc U L < f* 9 5 %&±<Dg$fc ©M*3ai©l8(D-®©*l^ <s>Kmm$&MT *X 
[0 0 4 2] K20lft*l1 4tLt, S iCDBHtH AO tMt«U«*t«. 

■eft*s i o 2 «aK-r««% % **im*. tecogjbfeiY [oo4 6] jut. ne^ftxaicoi^rniAKn-r 

sz, Mgo, i r 2 o 3 £fflR-r$*M*. Si&^Q-tz ©©xafcjs (t« r v 'J 3 >JI±lcl|{b!M* ^ L 

XMI»i:J:tHM*t*C4:M*t. 0!J*tf. T«ttA^g a >Jf =>>»«j so I 

Y S ZO«M^^l^~y 7 b Y S Z (silicon-on-insulator) £ffi£/?H>T t, fil* U * 

ztiz^ij s i o 2 a£tf£UMr«c * fc. ^'J^i/attfjiicmeflinbifctaBiL. *a>-tiz 

fc. S i JSOiifc&JIBI (MAttZr*) £SSK/SISL 'J zi >A«jMI Lfc fc<0*/8l*T tAl*. SO 

T*5 If li. S i 0 2 «)±*tRCZfc4^8*. lSfta«*. v U ±i >®±<DMitto® 1 I*, flietfs 

[0043] **Mf=*«E«»?«jfttt£*tf io 2 -e*y % ««MMbft£H: % #j*i*Ysz 

*f*«»^^ Ko»a**r=oi^rB«ir=«Mr*. (100), ysz (111), M g o (100), m 

[OO 4 4] ^fl^^Ilfi^EiJiSttSEif^ gO (1 1 1 ) . STO(IOO), STO (1 1 1 ) 

«tStt0>WB»2&l*« ®is*)Z2^ia±izMit®®*1tL Ifft^ iHb«8B<DKJl (ch ) l*5nm-5^mT* 

T*IS»->iJa>JB©ft*^ij3>K«Jt(c»2 0|«b fey. ^L<li10nm-3//mtW, CjH&OB 

MtMtSii, ®S2a>eib^iS±(z^-Eia3^ lbttJBtt % ©axaicfcif «E*ft*»rt**ii$fl!>x 

Off««-tlc±»M*»«r*xa**^a. [0 0 4 7] JMSfivU a>o±|cMt««20M 

[0045] *9MRO«(»*tt^9Ka>ajt»» «aii, ©<DXSfcJ:i;/fe-S^tt<3)a)X8a>Hri=fiBH 
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II S i 0 2 , YSZ(100), YSZ (111), 
SRO (OO 1 ) , SRO (111), MgO (10 
O) , MgO (111), I r 2 O3 (100), I r 
2O3 (111), A I 2 O3 (IOO), A I 2 O3 
(111), LaAIO 3 (l00), LaAI03 
(111), STO(IOO), STO (1 1 1 ) mv 
fc£o ^ti*(Dm®. (d 2 ) I*. Itr^L/i<t 51ZS nm 
~3 UmVtby. #*L<I41 0 nm~1 

[00 4 s] m&Ltzmmj&iz&^x. momitmm 

I*. «1 "Cf4; MgOtfclJ, m2Vit. YSZtSi 
O2 T'fc^o -CDS i O2 f*. *8ffiBT&£>YSZa>/£ 

tikm\z*yjjtm2i£xi,&i*o 4 m2a>m\tmm\zs \ o 

2 A<^£4x5«^ S i o 2 4>KI4teO>I«fc«iJl (MM 
l\, S i 0 2 (DBJII4. YSZO)JiMBLfc*SSM**& 

ftiftttfi* tff««WWMIRt « c t fc j: y *o> 
Bff*w»-r*c^35<-e*, x/<^*jaBaa 

££lzs i o 2 a>Bff$JKr*w£*<-e** 0 
*HZ r K^P>*lOlc*«®$^fiEL-€- 

attic y s z £ fiEB-rtttf , ysz^s i o&miz S i 

0 2 Jf<B±i£f4l»CC<h*<-t:££o Si0 2 l^ 

[0 0 4 9] ®(Z)EmB*^^-r^Xig-e(4, PZT, 
PMN, PZN, PSN, PNN, PMN-PT, PS 
N-PT, PZN-PT*?0)&tfLO)l\-rtifr&mi^X. 
"JHta*4lM4«JB«jtta)E«B*»rt-r*. 

[0050] (3>a>x^izfcit^BEmB-t'NO±ajm«ico 
»ar*ct3&«-c#4 0 s«*m<tLTi4. mi*, a 

u, Pt, Cr, Al, C u , Ir, Ni 

*>sro, 1 To«a»«ttKft:1*-c*ai\> 

I*. EEHB-t^a^Wffi-ctanu a 

[005 1 ] **W<Dffll*^.aig«:<DSig*^{Ctel> 

*iM4»is»ff«a*jiiB-<-*cfci&«-c*. *fc, 
nasi*!*, i^tt, nm/Eimi$Lm\z&titzKm 

[0 0 5 2] »{*fl)M*'v? Ko>«3S*ar=*5t^ 

T, ®<DEaB£#*|-r&X|l<tl4. -tSB®(7)Xgr*^ 



>^I4. ftttttP (yXyu) ^easo**^**,?*. 

ai\> -l/^&i: LTI4. ")i7Myf> 

•j =3 >s««aa>fe»a)iiniM«Mrcje cTfro 

ttfils *fc* 5>K**tfcSaBa>ia^EEBBa>#IB 

[OO 5 3] <5)<DKj]m£i&tfLT£JLmt. E11A<0 
o/!:JK&fi|0)£/iJ =1 >!§<7>fiaXXflfc<fctf/fc&lM4SlJ 

ivn^>{f % K7-rx 7 f aawipi (« 

*I4. K?5^ hteaiif) r*fc^o Ert^sp 

ttu SU SS«E&«IM4;K'J #»tf»fiK*nfc*tt 
->'Ja:/IMu S U S^ffi£ffll^cig^<D 

i*»afcLttt, Mttib««s« sttMtt«a>» 

S*lfcaMRSffll*Tfcai\, BE*Sa>»ttl4, 

[0 0 5 4] ®tt»l±ttlP£»Jifrr*XBl4*' ftttfcijn 
Ttt*LT*fil*U UvX n*»*-e«atajp*»js 
— if-APXfzJ: y#EE*SI=#KLr*qtttP*»riEL 

14. ±Ko©<DxaiiaB*ic*T3*aT?*ai*. *fc* 

©. ©tt#xg<&|lBffl4* JH^H-cj&y, Sttlc® 
<©EE«Ko#llxs*ft5*oarft«aorta^. 
[0055] *jma*{Mit^9 K0!)»a*ai4. m 

[0 0 5 6] *(c. «:%R£««n«:Stt«$*lfrdF 
[0 0 5 7] (ggJEffiM ) *IISfi«^I^3-3)l^rl2l3^#^ 

[0 0 5 8] 5fef, 6 2 5//mflUD*>U Z3 >J§ 2 8. 
O. 2iimI(DSi02®2 3, 3 // mff Om^S S i 
(1 00) 821 ^t>«fi3c$^4SO I mWL2 9&mi* 
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i^SS i (100) 12 IllCX/^-^^if-J: 
yYSZ (1 00) 24*800°CT0. 3 v mJiT*/£ 
mLtzo *CD&. TSPmfiiP t (111)26*0. 5 
//m^lgL, -^0>±|CPT (111), PZT (1 1 
1) OESl2 2j6 00°Ct^ILfc 0 PZTODttJS 
'* p b (Z r 0 .53T i 0.47) 0 3 T?fiEHLfc 0 E3I2 
2<7)±#<7)mi¥li 3. 5//mT*&o/ro t^TMil 
fllCfctxT. ^«C0^a3i@fI*4O°C^jaJi(7)^S 

T?. YSZ (100) 2 4 <t S i (100) 21 (D&m 
lZl*m2<DmtV&mtLTS}O2ffi2 4atf0. 0 2 
jJtm(DmftV1&f$.£tlTl*tzo S i O2® 2 4 a OJKH 
I** 8 OO^Vf&mLtz&*(Dti3i7km%tpT*l OO^ 
^JS^ftL/cii^lCliO. 2 /imfCfcoTUfco SiO 
2 +CDYfcJ;tfZ r&JgO)^*rgf£4. 6at%tfco 
*=e E1I2 2<DJM8flttl*. XRD (XSEtfrgg) 
f^J:y (111) (7)ffilS]^9 9%ia±T*fc-SC £ **tlg 

[0 0 5 9] Z<DE.mm2 2<D±[Z±&n&2 7 tLX 
AuZmMT-ttli-tzo *CD8L V'J3>@28S, TM 
AH (K'J>f;U7>^-^AtKO + vK) £ffllNT 
^xy hl7f>^l:j: IJS1 <&«<fcifejg2 3T?iHl 0 
Ojwm. I$2mm(D§^i|Cft| )< ):5fci7f 

[0060] &L±<D&?izLxftmztizj£mm*mm. 

i* (H3) iZfel^T. ±TOii2 6 % 2 7*3*y£ti 
U KifiS;fi:»3 5 k H z Tf^Uj^JE+5 V/- 5 VC? 

Sr*fcofc 0 m2<DMitfym2 4* I . 0//mC: 

L*:fllii#|::fcl*Tt,. O. 2 5//m0S^«i:tfitS 

[0061] ^»a>««r*ff«KA<*iea(* «b 

[0062] (ussfiij 2 ) mt£& s i jb<dis Asia 
(111) (DSt£*J8^rx/^;/$j$Mu B&Lfcjf 

ft* (001) izr*c±:izj:y. * &i::»fftta>fi» 
Z£t<v*tz. *fc. ^SSSflll tm«|:i 
^^>y««*ffofc«fza!IffiLfc*tt«tt % 0. 2 5 
^-0. 2 8//m<l:^/ < Clrfcofco 

[0063] (njs^ 3 ) *mnmtz&~3 < a*!**^ 

[0 0 6 4] BK-^n/rieSSi (100) /S 
« 02 /S i «J*C0&«3 9 (#Bff : 2. 5/im/l 



//m/2 5 0/im) */8l*T. B K-^j?*lfcfegS 
i (100) 3 1(D±l:MgO (1 00) 34*0. 3 
U mftmfrVl&gLLtzo £ bl" P t (1 0 0) 36* 
0. 4^m. PMN (0O1) OffmK3 2*2. 3 u 
mmVfUmLtzo PMNCD&tfU*. Pb (M gl / 3 Nb 
2/3 ) O3 -eiBRLfco TEMffi^lZ^^xb, Mg03 
4 <t S i (10 0)31 (D&m iZ 0 . 05/i m 0) S i O 

2 J13 4 a^/S^^Tl^/co ±S1S3 7[ZliA u * 
^— X h^fli Ltzo fit, S il38^SF 6 £C 4 

f 8 zm^tzy^x^jLy^^vnimiz* ue*I4 i 
[00 e 5] isi±a)j:3f=Lrff«aF*L***ii«a)a 

ftmfti^v K*7F-f|g!4f::fc^T, 3 1liBK— 
f:^iSi^b4^II!ll 3 2(*PMN(DEE®M. 

3 3 1 OmittoMs 3 4. 3 4 a ttS 2 CDK^bfe 

ji. 3 6i*TS5a*3L 3 7\t±f®nmx&z> 0 Ztz. 3 

8l*E;fc^4 1 rfte&cZtltzS i Jf. 4 2li43rilfi, 

4 3 ttfcRttt P 4 4 tmiS, £ tltz* *)7<<*Zf[s-bT- 

£2^4 1 COWlie O/im, J|*T^2. 2mm. 
KJim* 1 FplO)PiMfl«ili2 4/imT*fe^o 

[00 6 e] zofe&mm^v k*;b^t. ^>?<&i£ 

ttJ^S***Tofc: 0 S8I&^;*»3 5 k H 2 I* + 7 V/- 7 
V0ii)iET:, §*:1 2. 8m/s e c CDPtaiiSS* 
ttiflLfc. tttt**i4*ait-fXl4. 3p l A^62 6 p 

RAaaiCcfcy 1 09 iaa)jEtt*<tyiKLfcA<* 

<4S(7)<S3S (4 5 %JilF^T*fc o fco 
[OO 6 7] feav'j3>l(0lS^1 0//m 

mm&i o vm<D&t*m$t^v F<DmtiL&it. 2. 5^ 

mJ?<Z)»{*Dtat/s^ KlCtt-<T 1 0%1SMLfc*<. 10 
c p s<Dmftg.0)mffi$1*t&X£tzo 1 1 //mOiSftffg 
•t^? Kfit> 3Etefi<7><£5£rt< 1 7~1 8%ttofeft 
B«l:Jf«SO)aattttti'C#fc. fct£'L, 10/imO 

[0 0 6 8] (3&5S0IJ4) iw«Lfc*it«3fzfci**ffi 

ii$psN-PT (ooi) *<r>fev>mm±m 

•fcLTJWMW^y KtftBLfc. PSN-PT<7)|§ 
^'*0.55 [Pb (S C1 / 2 Nbt/2 > 0 3 ] - 0 . 45 CP 

bT i o 3 ] icISSLfco S^^O)i|«g^cD^:^^(iSlSS 
«3iraC*-rXfCL. ^LTf^CKffilft^T?. 14. 
3m/s e c<Dmmv<< X?$Qtft-f&Ztl)<T'$tzo 

*2. 5mm<t Ltt 1 Om/s e c Ja±.CDH^|Zi^^. 

[o o 6 9] (gessgqs) TOaLfcSBJs«4fcfeit*E 

1IJPZN-PT (00 1) ihL. ^(D^O^I/Stt^ 
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$4tmmzLTmtomm^v KtftBLt. pzn 

- P T <D&flLlt. o. 90 ( P b ( 2 n 1/3 N b 2/3 ) O 
3 J -0. 10 ( P b T i O3 } -C*£o E2lMa)*g£ 6 O 

*<1 4. 1 m/& e c t&tttt,f:1±mm&£&mLtzo & 
[0 0 7 0] 

tiHttttflysiTti/^tH^Ltt, fin 

[0071] ffiraLfcffis*^«5g(**att:ie» 
ait^wxiwcfcw^ ss(**>«nfi 

[0®<DtHm*iftiB] 

[01] (a) tt*»m=fi|«M««||t^9 KOMI 

■e*y, n (b) « ( a ) oa-asi^;9ot«btlt 

[0 3] *«Mlc«*ffS*^«it«:<z)KJt55ra05-j8 



34] *«micfli«ff{»4Mt^^ Ka>«a*a©-* 

[»#OKW] 

1 aMUSMt^vK 

2 iftttfciJP 
3 

5 h 

6 *<*&SSB 

I 0 BEmSt^fc&t* 

I I fins 

1 2 

13 mi<DK1b«)Jl 

1 4 S2(7)l«l 

1 5 Ell 

1 6 Tasma 

1 7 

2 1 fins 

2 2 Ell 

23 mi o>mtmm 

2 4. 24 a S2<D»<t«Djf 
2 6 

2 7 ±Sfl®8i 

2 8 5/'Ja>I 
29 SOI SS 

3 1 fins 

3 2 Elg 

3 3 mi <08<t«DJl 

3 4. 3 4 a $20Bik«3l 

3 6 TffiWS 

3 7 ±sps« 

3 8 v'j3 >&S 

3 9 ftft 

4 1 frJiW. 

43 t'J7^^l/»h 

4 4 *ttUJQ 



[02] 



[03] 



16 17 



16 £W 



10iEtt7«jt» 





27Ji*W 

22 £U 
2STftl 

24Y5Z 
24a sea 

21 mm* (Mas) 

23 sen 
28 
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(b) 




(51) Int. CI. 7 

H 0 1 L 41/18 
41/22 
H 0 2 N 2/00 



T-7H-K (#%) 



H O 1 L 41/18 
41/22 



10 12 
Z 



Xft1ft*B KT 3TI 30S 2 # ^-V 

(72)«^# 

X&«F;fcS 2T 3T1 30# 2 # 



(72) SSH8# 3fcjR 

XS«&* ffl ET 3 T @ 30# 2 # 

3tM»£&rfj :: Ftt>rJx2T@ 7 #ife<Z>27 
F£ — 2C057 AF69 AF93 AG12 AG32 A639 

AG44 AG52 AG55 AP02 API 4 
AP22 AP23 AP32 AP33 AP52 
AP54 AP56 AP57 A002 BA03 
BAH 
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